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® A compaction preheat system consists of an air 
heater (1) placed just prior to the compaction roller 
(6) of the fiber placement head. The amount of heat 
supplied to the composite is determined by a control 
computer. The controlling computer adjusts the 
amount of heat being put into the composite by 
scrutinizing the entire fiber placement process. The 
amount of preheat needed is determined by the 
speed of the fiber delivery, type of fiber being used, 
amount of consolidation desired, and actual tempera- 
ture of fiber as measured, e.g., by infrared ther- 
mometry (4). 
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The present invention is related to composite 
structure manufacturing methods, and apparatus 
for practicing such methods. 

Fiber placement systems generally consist of 
placing rovings or tows impregnated with a BMI, 
thermoplastic, or other thermosetting type resin as 
a single tow or entire band in a number of superim- 
posed layers onto a mandrel to produce an irregu- 
lar shaped article. In most cases, the fiber being 
placed lacks the ability to stick to the mandrel or to 
previously placed layers of material. A lack of ad- 
hesiveness or tackiness prohibits the medium from 
staying where it is positioned. Additionally, stiffness 
of the fiber band can result in voids in the finished 
part if it is not made more compliant by the addi- 
tion of heat prior to densification by the compaction 
roller. 

A iack of adhesiveness in the band during 
placement on mandrels which are not vertical, or 
which have concave sections, can cause band slip- 
page. Band slippage occurs because of either 
gravity tugging on the band or the back tension in 
the fiber placement head. In concave areas, the 
process tends to pull the fiber off of the mandrel. 
Either condition is unsuitable to the fiber placement 
process. 

Present fiber preheat methods consist of an 
operator holding a hot air gun which he directs on 
the fiber path just prior to the compaction point. 
Another method consists of infrared heat being 
applied. Both techniques suffer from a lack of re- 
sponsiveness and control, the first especially as the 
operator becomes fatigued and inattentive. Lack of 
proper temperature control can cause part damage 
by localized resin curing or poor fiber consolida- 
tion. 

An object of the present invention, therefore, is 
to provide a heat source to the point at which the 
fiber is being placed, so that the fiber being placed 
will stick to the underlying fiber. 

An additional object of the present invention is 
to make the fiber and resin sufficiently soft and 
compliant such that good consolidation will take 
place in the part, i.e., no air bubbles or areas of 
bridging are produced. This entire process must be 
accomplished with the least possibility of heating 
the composite so greatly that it causes an exother- 
mic reaction, or that it results in localized areas of 
cured resin. 

In accordance with the foregoing objects, one 
or two electrically powered air heaters, as required, 
are positioned at the point where the fiber band is 
being plac d. Variable amounts of compressed air 
are passed through the air heater, where it is 
heated to a precise temperature as required in the 
process. The temperature of the heated air is pre- 
cisely measured by thermocouples in the heater 
and controlled by a computer and by solid state 
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power switching devices. 

The air heater is mounted directly to the deliv- 
ery head with electrical and pneumatic connection 
being made by quick release connectors and dis- 

5 connects to facilitate removal or replacement. 

Process fiber temperature is monitored by an 
infrared sensor. Fiber speed is fed to the control 
system as a preconditioned signal proportional to 
the speed of the compaction roller. 

w It is contemplated that this invention is to utilize 

a computer running on an Intel 80386-25 micropro- 
cessor with process signals entering and leaving 
the computer through Metrabyte I/O boards. Oper- 
ator interface is through a computer keyboard and 

js monitor, which gives a constant graphical repre- 
sentation of the process. 

The present invention includes redundant pro- 
cess monitoring which measures the temperature 
of the air leaving the air heater and the rate of air 

so flow. Should these values exceed a predetermined 
limit, the process is shut down. Additional checks 
and balances are maintained by timing the applica- 
tion of heat to the fiber during times of slow or non- 
movement, as a function of the localized contours 

25 of the part being laid, e.g., to ensure that heat is 
not indiscriminately applied to the part being fiber- 
placed. 

The present invention also includes variable 
transformer power supplies to preclude any more 

30 voltage being applied to the heater than is neces- 
sary. Operator safety from electrical shock is pro- 
vided by ground fault circuit interrupters. 

The objects of the present invention can be 
achieved by means of at least three different con- 

35 figurations: (1) a single resistive electric air heating 
element with microprocessor controlled single 
channel, closed loop control, thermocouple feed- 
back or infrared thermometer feedback with on/off 
or proportional controls; (2) a single resistive elec- 

40 trie air heating element with microprocessor con- 
trolled multi-channel, closed loop control, infrared 
sensor priority control with delivered air tempera- 
ture secondary control; and (3) multiple resistive 
electric air heating element with microprocessor 

45 controlled multi-channel, closed loop control, deliv- 
ery roller motion priority shutdown and delivered 
air temperature control, heating element power 
control by infrared sensor closed loop feedback. 
In view of the foregoing, the present invention 

so can be defined as including a compaction preheat 
system, and a method of use thereof, in conjunc- 
tion with a fiber placement apparatus for placement 
of fiber upon a mandrel, the system including: (a) 
means for supplying heat to an area as the fiber 

55 placement apparatus applies fiber at least proxi- 
mate to the area; (b) means for monitoring a plural- 
ity of parameters characteristic of the fiber place- 
ment apparatus; and (c) means for controlling an 
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amount of heat supplied by the means for sup- 
plying heat as a function of monitored value of a 
predeterminate plurality of the plurality of param- 
eters. 

Specifically, the parameters being monitored 
include the temperature of the area being heated 
by the means for supplying heat. An infrared sen- 
sor is contemplated as a sensor for such monitor- 
ing. 

According to a further feature of the invention, 
the means for controlling an amount of heat sup- 
plied by the means for supplying heat including 
means for controlling temperature and air flow rate. 

For completion of a closed loop control, the 
temperature at the outlet of an air gun utilized for 
suppiying the aforementioned heat can be mon- 

According to a particular feature of the inven- 
tion, the means for controlling an amount of heat 
supplied by the means for supplying heat further 
include an safety interrupt device for terminating 
■heat supplied to the area in the event that the heat 
supplied reaches a temperature above a predeter- 
mined value. 

The mandrel of the placement system is adapt- 
ed to rotate at a predeterminate speed, and the 
means for monitoring a plurality of parameters in- 
clude means for monitoring the speed of the man- 
drel. 

According to a further feature of the present 
invention, the means for controlling an amount of 
heat supplied by the means for supplying heat 
further include a computer for controlling the 
amount of heat supplied as a function of a com- 
puter model. A monitor and keyboard are linked to 
the computer for enable operator input and control 
of the system. 

According to an additional feature of the inven- 
tion, the means for controlling an amount of heat 
supplied by the means for supplying heat, further, 
as a function of composition of the fiber. Specifi- 
cally, for use with resin-impregnated fiber, the tem- 
perature is maintained at a temperature below the 
melt temperature of the resin. 

The above and additional objects, characteris- 
tics, and advantages of the present invention will 
become apparent in the following detailed descrip- 
tion of preferred embodiments, with reference to 
the accompanying drawing which is presented as a 
non-limiting example, in which: FIG. 1 shows the 
relationship of the various components of the com- 
paction preheat system; FIG. 2 is a schematic view 
showing the major components of the invention; 
and FIG. 3 illustrates a filament placement system, 
in a rear isometric view, in which the present 
invention could be utilized. 

As shown in FIG. 1, the air heater 1 heats the 
resin-impregnated fiber on the mandrel 2, or may 



heat the band 3 being fiber-placed, or both. Tem- 
perature of the heated area is monitored by the 
infrared temperature sensor 4. Fiber speed is mea- 
sured by the tachometer 5, as the tachometer is 

5 driven by the compaction roller 6. Additional pro- 
cess input is obtained by air temperature measur- 
ing thermocouples 7. 

As depicted schematically in FIG. 2, air flow 
through the heater 1 is controlled by the air flow 

10 and control devices 8. Temperature is maintained 
by varying the amount of power with the power 
control and regulating system 9. The resin-impreg- 
nated fiber is to be heated to a temperature no 
greater than the melt temperature of the matrix 

15 resin 

Ciosed ioop coniroi is achieved by monitoring 
the temperature - of the composite on the mandrel 2 
with the infrared temperature sensor 4. The tem- 
perature, along with fiber speed, as determined by 
20 the tachometer 5, are processed by the control 
computer 10. In addition to the above-mentioned 
parameters of fiber temperature and spend, the 
computer determines the amount of air flow and air 
temperature which is required by assessing re- 
25 quirements of the process as input from the main 
fiber placement machine control computer 

Additional control is achieved by modeling the 
effect of heat on the composite resin. Excessive 
heat can cause areas of localized cure ot in ex- 
30 treme cases, and an exothermic reaction can re- 
sult. Conversely, insufficient heat to the fiber would 
not supply the required tackiness or compliance 
required to make a good part. During fiber place- 
ment on irregularly shaped mandrels, it is known to 
35 vary the speed of fiber placement, depending upon 
the particular application location of fiber placement 
on the mandrel. For example, the speed of fiber 
placement can be decreased as somewhat intricate 
turns or edges are traversed by the fiber delivery 
40 head. As the temperature of the composite is a 
function of the difference in temperature between 
the air source and fiber being heated, as well as 
the length of time the temperature is applied, mod- 
eling is necessary to keep fiber temperature within 
45 required limits as the speed of the fiber varies. 

That is, the amount of heat applied can be 
controlled by means of the preheat system of the 
invention via a computer model, as a function of 
the shape of the mandrel, e.g., and as a function of 
so the composition of the fiber tow being laid. The 
temperature of the heated air and the quantity of 
air per unit of time produced at the air gun 1 can 
be selectively increased and decreased and/or the 
duration of th heated air, e.g., can be selectively 
55 controlled throughout the laying of fiber upon the 
mandrel during the formation of the article. 

Redundant regulation is accomplished by mon- 
itoring the temperature of the air leaving the heater 
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with a thermocouple 12. Should the temperature 
rise too high tor too long, as predetermined by 
operator experience, the process will be interrupted 
by a separate safety monitoring system 14. 

Operator input and control is accomplished 
through a monitor and keyboard 13. 

FIG. 3 illustrates, in perspective, a filament 
placement system 15 in which the preheat system 
of the present invention could be utilized. Individual 
rovings or tows 17 are directed to the delivery 
head 18, which is mounted onto a manipulator, and 
emerge at the delivery, or compaction, roller 6. The 
compaction roller applies the tows, formed into the 
band 3, onto the rotating mandrel 2. The air heater 
1 can be attached to the delivery head 18, if 
desired. 

The fiber placement machine 21 includes a 
creei assembiy for maintaining individual reeis 
upon which the individual tows are wound, from 
which they are directed to the delivery head. Op- 
eration of the machine 21, including the delivery 
head 18, is controlled by the computer 11. 

Finally, although the invention has been de- 
scribed with reference of particular means, materi- 
als and embodiments, it is to be understood that 
the invention is not limited to the particulars dis- 
closed and extends to all equivalents within the 
scope of the claims. 

Claims 

1. A compaction preheat system adapted for use 
with a fiber placement apparatus for placement 
of fiber upon a mandrel, said preheat system 
comprising: (a) means for supplying heat to an 
area as the fiber placement apparatus applies 
fiber at least proximate to said area; (b) means 
for monitoring a plurality of parameters char- 
acteristic of said fiber placement apparatus; 
and (c) means for controlling an amount of 
heat supplied by said means for supplying 
heat as a function of monitored value of a 
predeterminate plurality of said plurality of pa- 
rameters. 

2. The system of claim 1, said means for moni- 
toring a plurality of parameters comprising 
means for monitoring a temperature of said 
area being heated by said means for supplying 
heat. 

3. The system of claim 2, said means for moni- 
toring a temperature comprising an infrared 
temperature sensor. 

4. The system of claim 1, said means for sup- 
plying heat comprising at least one air gun 
having an air outlet, said means for monitoring 



a plurality of parameters comprising means for 
monitoring a temperature of said outlet of said 
air gun. 

5 5. The system of claim 4, said means for control- 
ling an amount of heat supplied by said means 
for supplying heat further comprising an safety 
interrupt device for terminating heat supplied 
to said area in the event that said heat sup- 

io plied reaches a temperature above a predeter- 

mined value. 

6. The system of claim 1 , the mandrel being 
adapted to rotate at a predeterminate speed, 

75 said means for monitoring a plurality of param- 

eters comprising means for monitoring the 
speed of said mandrel. 

7. The system of claim 1 , said means for control- 
20 ling an amount of heat supplied by said means 

for supplying heat further comprising a com- 
puter for controlling the amount of heat sup- 
plied as a function of a computer model. 

25 8. The system of claim 1 , said means for control- 
ling an amount of heat supplied by said means 
for supplying heat further comprising a com- 
puter and a monitor and keyboard linked to 
said computer for operator input and control of 

30 said system. 

9. The system of claim 1 , said means for control- 
ling an amount of heat supplied by said means 
for supplying heat, further, as a function of 

35 composition of said fiber. 

10. The system of claim 1, said means for control- 
ling an amount of heat supplied by said means 
for supplying heat comprising means for con- 

40 trolling temperature and air flow rate. 

11. A preheat method adapted for use with a fiber 
placement apparatus for placement of fiber 
upon a mandrel, said preheat method compris- 
es ing the steps of: (a) supplying heat to an area 

as the fiber placement apparatus applies fiber 
at least proximate to said area; (b) monitoring 
a plurality of parameters characteristic of said 
fiber placement apparatus; and (c) controlling 
so an amount of heat supplied in said step of 

supplying heat as a function of monitored val- 
ue of a predeterminate plurality of said plurality 
of parameters. 

55 12. The method of claim 11, said step of monitor- 
ing a plurality of parameters comprising moni- 
toring a temperature of said area being heated 
by said means for supplying heat. 
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13. The method of claim 12, said step of monitor- 
ing a temperature comprising monitoring a 
temperature by means of an infrared lompera- 
ture sensor. 

5 

14. The method of claim 11, said step of supply 
heat being performed by an air gun, jnd said 
step of monitoring a plurality of parameters 
comprising monitoring a temperature ai an out- 
let of said air gun. 10 

15. The method of claim 14, said step of control- 
ling an amount of heat supplied by said means 
for supplying heat further comprising the step 

of for terminating heat supplied to said area in 75 
the event that said heat supplied reaches a 



16. The method of claim 11, the mandrel being 
adapted to rotate at a predeterminate speed, 20 
said step of monitoring a plurality of param- 
eters comprising monitoring the speed of said 
mandrel. 

17. The method of claim 11, said step of control- 25 
ling an amount of heat supplied in said step of 
supplying heat being performed by a computer 

for controlling the amount of heat supplied as a 
function of a computer model. 



18. The method of claim 11, said step of control- 
ling an amount of heat supplied in said step of 
supplying heat comprising controlling tempera- 
ture and air flow rate. 

19. The method of claim 11, said step of control- 
ling an amount of heat supplied in said step of 
supplying heat as a function of composition of 
said fiber. 
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20. The method of claim 19, said composition of 
said fiber being a resin-impregnated fiber, said 
resin having a predeterminate melt tempera- 
ture, and said step of controlling an amount of 
heat supplied in said step of supplying heat 45 
comprising maintaining said amount of heat at 
a temperature below the melt temperature of 
said resin. 
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